The computer-administered Multiple-Choice Online Causal Comprehension Assessment (MOCCA) for Grades 3 to 5 has an innovative, 40-item multiple-choice structure in which each distractor corresponds to a comprehension process upon which poor comprehenders have been shown to rely. This structure requires revised thinking about measurement issues (e.g., reliability and interpretation of incorrect responses for diagnostic purposes). Using data from a pilot study, the article presents descriptive statistics on correct responses, incorrect responses, and comprehension rate. It also presents reliability data for correct responses and incorrect responses as well as construct validity data on correct responses. Implications for diagnosis and remediation of poor inferential comprehension are discussed.
The ability to make causal inferences and track the complexities of causality is fundamental to reading comprehension of narrative text (van den . Successful causal connections and inferences reflect a reader's ability to monitor character goals, discern physical changes, and recognize cause and effect (Trabasso & van den Broek, 1985; ). However, some readers struggle to make causal connections in text (Cain & Oakhill, 1999 , 2006 McMaster et al., 2012; Rapp, van den Broek, McMaster, Kendeou, & Espin, 2007) .
Making causal connections in text is a higher-level reading skill. Previous research has found a group of struggling readers who do not struggle with lower-level reading skills (e.g., decoding), but rather struggle with higher-level reading skills such as making causal connections during reading (Cain & Oakhill, 2006; Perfetti, 2007) . Commonly termed poor comprehenders, they exhibit poor comprehension compared with peers with similar word-reading skills and vocabulary (e.g., Cain & Oakhill, 1999 , 2006 Carlson, Seipel, & McMaster, 2014; Rapp et al., 2007) . Poor comprehenders represent at least 10% of elementary grade readers, have adequate decoding skills, and have below-average comprehension skills (Cain & Oakhill, 1999 , 2006 Carlson et al., 2014; Catts, Hogan, & Adlof, 2005; Hulme & Snowling, 2011; Pimperton & Nation, 2010; Rapp et al., 2007) . Prior research indicates poor comprehenders are not all the same; they can be differentiated by the types of cognitive processes (e.g., prediction, elaboration, or paraphrasing) on which they rely during reading when trying to make causally coherent inferences (Carlson et al., 2014; McMaster et al., 2012; Rapp et al., 2007) . Importantly, poor comprehenders have also been shown to respond differentially to intervention based on their preferred cognitive processes during reading (McMaster et al., 2012; van den Broek et al., 2006) .
Existing assessments of reading comprehension distinguish between good and poor comprehenders. However, if a student is identified as a poor comprehender, current assessments often give little information as to why the student is a poor comprehender. As a result, teachers receive little diagnostic information that might shape instruction. Until now, identifying the cognitive processes on which poor comprehenders rely, and which could therefore inform intervention efforts, has mainly come from the use of think-aloud protocols (e.g., Ericsson & Simon, 1993; Graesser & Clark, 1985; Graesser, Singer, & Trabasso, 1994; van den Broek, 1990) . However, because think alouds require one-to-one recording of responses, transcription, and coding, they are too time-consuming and labor-intensive for regular classroom use.
The goal of the present project was to develop an innovative reading comprehension assessment that is both diagnostic for poor comprehenders and usable in practical educational settings, thereby providing research and practice with a practical assessment that measures why readers struggle with comprehension. The new assessment is a multiple-choice assessment of reading comprehension in which the distractors represent cognitive processes identified in prior think-aloud research as distinguishing between types of poor comprehenders (Carlson et al., 2014) . The Multiplechoice Online Causal Comprehension Assessment (i.e., MOCCA) addresses the limitations of prior research by providing reliable scores indicating the types of errors to which students are prone. It also provides information on comprehension rate, a potential indicator of automaticity.
Poor Comprehenders and the Need for Informative Assessments
Prior research has investigated how poor comprehenders differ in the cognitive processes they use to integrate text information with prior knowledge in the creation of a coherent mental model of the text (e.g., Graesser et al., 1994; Kintsch & van Dijk, 1978) . This research has revealed different types of poor comprehenders, who differ in the cognitive processes (e.g., predicting, paraphrasing, elaborating) on which they rely, and in some cases, over rely (Carlson et al., 2014; McMaster et al., 2012; Rapp et al., 2007) . One group, commonly termed "paraphrasers," is defined by their overuse of paraphrases and related text-based processes during reading. The other group-originally termed as "elaborators"-we call "lateral connectors" because lateral connections include more than just elaborations; they also include personal associations, predictions, explanations, and evaluations of textual content. Paraphrases do not involve making an inference; lateral connections can involve making an inference, but inferences that do not complete the story in a causally coherent way. While poor comprehender research is ongoing and this list of poor comprehender types is likely not exhaustive, research suggests these two groups respond differentially to comprehension interventions, meaning that one size does not fit all when it comes to improving the reading of poor comprehenders (McMaster et al., 2012; van den Broek et al., 2006) . While paraphrasers' comprehension improves more than lateral connectors when prompted with questions promoting general connection-making, lateral connectors improve more than paraphrasers when prompted with causal questions focused on the causal structure of a text (McMaster et al., 2012) . Thus, distinguishing between types of poor comprehenders holds instructional relevance.
Importantly, prior research distinguishing paraphrasers and lateral connectors (i.e., elaborators) relies on thinkaloud protocols. Think alouds ask readers to verbalize what they are thinking as they read (Ericsson & Simon, 1993; Graesser & Clark, 1985; Graesser et al., 1994; van den Broek, 1990) . What readers say about their thinking reveals poor comprehenders' predilections for specific types of comprehension processes. However, think alouds are not a practical assessment for classroom teachers. In addition to the time it takes for each child to think aloud individually for two or more texts, each child's statements must also be transcribed, parsed into idea units, and then coded for the cognitive process each unit represents. Such protracted work on the part of a teacher, or even a specialist, is simply not realistic.
At the same time, researchers and educators have long called for innovation in reading comprehension measurement (Klingner, 2004; Pearson & Hamm, 2005; RAND Reading Study Group, 2002; Sarroub & Pearson, 1998; Snyder, Caccamise, & Wise, 2005; Williams, 2006; Wixson, Valencia, & Lipson, 1994) . These calls assert our methods for assessing and studying reading comprehension have changed little since standardized measurement of reading comprehension began. Existing measures focus almost exclusively on the end product of reading comprehension. That is, comprehension is judged by the understanding a reader can demonstrate after reading is finished. Such measures provide little information about the process by which a reader constructed meaning during reading. The focus on comprehension as a product in traditional reading comprehension measures yields limited insight into how a poor comprehender went astray during reading.
MOCCA
Thus, there is a need for measures of the reading comprehension process that yield precisely the sort of information that think alouds yield. At first glance, MOCCA is a straightforward multiple-choice reading comprehension assessment that uses very short stories to gauge intermediate grade children's reading comprehension. However, MOCCA is innovative in that stories and answer choices are crafted to assess a child's ability to maintain causal coherence when reading and any predilection for specific cognitive processes when causal coherence is not maintained, thereby providing information on poor comprehenders similar to that generated by think alouds. MOCCA accomplishes this by using informative distractors.
Informative distractors are not a new idea (e.g., Delmas, Garfield, Ooms, & Chance, 2007; Hermann-Abell & DeBoear, 2011; Hestenes, Wells, & Swackhamer, 1992; Sadler, 1998) , but MOCCA implements the idea in a novel fashion. MOCCA focuses on a small number of comprehension processes (e.g., paraphrases, lateral connections), and it more thoroughly evaluates a poor comprehender's tendencies to engage in those processes by including paraphrase and lateral connection options in every item. Prior assessments using informative distractors, called distractor-driven assessments by Hestenes et al. (1992) and concept inventories by Sadler (1998) , included a large number of misconceptions as distractors with any one misconception being represented in one or only a very small number of items. While these assessments might yield reliable total correct answer scores, to our knowledge there is little or no evidence that they produce reliable scores reflecting a student's propensity toward a particular incorrect response type. Because each incorrect response type is represented in each item, MOCCA might yield reliable scores reflecting student propensities toward each particular type of response.
Each of the 40 MOCCA items is a seven-sentence story that is missing its sixth sentence and therefore has a causal gap that the reader must fill. Multiple-choice responses are alternative sentences that might fit as the sixth sentence. In the original version of MOCCA and the pilot study reported here, the responses represent four types of cognitive processes: (a) a causally coherent inference, (b) a paraphrase, (c) a lateral connection, and (d) a local bridging inference. Causally coherent inferences are always the best response to complete the story in a causally coherent manner. Without the type of inference made in this sentence, the story does not completely make sense. Paraphrases are always incorrect to complete the sixth sentence, but mimic what one group of poor comprehenders tend to do when they do not make causally coherent inferences. Paraphrases primarily restate the main goal of the story's main character, but can paraphrase subgoals, updated goals, or the goals of other characters. Lateral connections are also always incorrect, but mimic what the other group of poor comprehenders tend to do when they do not make causally coherent inferences. Lateral connections may represent valid or invalid elaborative inferences, associations, or explanations based on the information found in the fifth sentence of the story; none of which completes the causal chain of events. Note that readers may draw on background knowledge to make either causally coherent inferences or lateral connections, but one fills the causal gap and the other does not. The local bridging distractor type was developed as a fourth response type because they appear in think alouds that all readers generate. Figure 1 shows a sample item, a story called "Jimmy and the New Bike." Answer 1, "Jimmy wanted a new bike." is the paraphrase and simply states Jimmy's goal explicitly expressed in the second sentence of the story. Answer 2, "Jimmy bought a new bike." is the correct, causally coherent answer. Answer 3 "Jimmy worked at the store" is the local bridging response as it connects to the fifth sentence but does not complete the story. The last answer "Jimmy looks at the candy" is the lateral connect response, an association with candy that does not advance the story. As with all MOCCA stories, each story aligns to a single item avoiding problems associated with a testlet structure that arises when several items refer to a single story.
In addition, because the measure is now computer administered, MOCCA captures data regarding the time children expend on each item and the assessment overall. Of most relevance, pedagogically is the overall time taken to complete the assessment. Divided by the number of items a student gets correct (out of 40 possible items), a reading comprehension rate is derived (minutes per correct response). Although rate is not often considered on reading comprehension assessments, some have argued for its value in measuring children's automaticity (also called efficiency) in reading comprehension (Skinner, Neddenriep, BradleyKlug, & Ziemann, 2002) .
Rate is also a relevant aspect of comprehension because automaticity (i.e., effortless processing; LaBerge & Samuels 1974; Posner & Snyder, 1975) applies to more than just low-level skills like decoding. Retrieval of the meanings of individual words is also ideally automatized (i.e., lexical access; Perfetti, 2010; Perfetti & Lesgold, 1979) , as are many of the inferences readers draw as they read (Thurlow & van den Broek, 1997) . Thus, readers may be differentiated based not only on how well they comprehend (i.e., how many items they get correct on a test), but also by how efficient they are in executing comprehension processes (i.e., how automatic reading comprehension processing is). As a result, Skinner and colleagues have proposed reading comprehension rate as an analogue to oral reading rate in Grades 4 and beyond, but more importantly as a measure of the efficiency of the reading comprehension process itself that may be more sensitive to change over time than traditional reading comprehension scores (e.g., Neddenriep, Hale, Skinner, Hawkins, & Winn, 2007; Skinner et al., 2002) . Rate measures have yielded a number of empirical validations from a range of researchers interested in curriculumbased measurement (e.g., Cianco, Thompson, Schall, Skinner, & Foorman, 2015; Hale et al., 2011; McCaneBowling, Strait, Guess, Wiedo, & Muncie, 2014; Skinner et al., 2009 ). There are several ways to measure rate, most of which are variants of minutes per correct or it's inverse, correct per minute.
A limitation of Skinner's approach is that the resulting scale yielded by the suggested formula (i.e., percentage correct per minute) is not easy to interpret and can vary wildly depending on passage and item lengths and the number of questions asked or attempted. For an assessment like MOCCA, where passages are quite short and consistent in length (i.e., seven sentences) with each passage acting as an item, the percentage correct per minute is generally quite small, even for the speediest readers with excellent comprehension. Thus, for MOCCA we opted to calculate rate as the inverse of the way in which oral reading rates are calculated.
Instead of dividing number of items correct by total testing time, we divided total testing time by the number of items answered correctly, which yields a minutes-per-correct-item rate.
Challenges in the MOCCA Measurement Model
MOCCA is not the first attempt to create multiple-choice distractors that correspond to errors students make, misconceptions that students hold, or other diagnostic information. Most prior examples come from the sciences or statistics (e.g., Delmas et al., 2007; Hermann-Abell & DeBoear, 2011; Hestenes et al., 1992; Sadler, 1998) . In this research, the assessments generally had reliable total scores for the number correct, but did not provide scores indicating the frequency with which a student chose answers representing a particular kind of misconception or error (i.e., the distractors). Nor did they provide much guidance for interpreting student responses in terms of misconceptions or errors.
While distractor-driven assessments seem promising, several problems need to be addressed before their potential can be realized. First, assessments need to provide scores or some other diagnostic indicator that represents information about a student's tendency to select responses corresponding to various processes or errors. Second, the incorrect response scores need to be reliable, and there needs to be an accepted procedure for quantifying the reliability. Third, an appropriate item response theory (IRT) needs to be decided upon and used to address various applied problems, such as equating of forms.
The need for an appropriate IRT is recognized in both the applied test construction literature and the psychometric literature. In analyzing their chemistry items, Hermann-Abell and De Boear (2011) applied the Rasch model to the correct responses. They concluded that, misconceptions and correct responses in their domain may be somewhat hierarchically arranged and that some misconceptions may represent steps in a natural progression toward the development of a correct conception. In a similar study, Sadler (1998) applied Bock's (1972) nominal response model to account for a correct response, misconception responses for each item, and a "don't know" response. The psychometric literature now includes several additional options for IRT models that go beyond the Rasch, 2PL, and 3PL in that they model incorrect as well as the correct response to a multiple-choice item (Adams, Wilson, & Wang, 1997; Bock, 1972; Bradshaw & Templin, 2014; Brown, 2016; Johnson & Bolt, 2010; Samejima, 1979) ; but, it is still an open question as to whether familiar models, such as the Rasch, 2PL, or 3PL model, can be adapted to incorrect responses or whether one of the newer models (e.g., Adams et al., 1997; Brown, 2016) will prove more useful.
Beyond IRT model choice there are a number of additional unresolved issues, such as determining cut-scores as well as use and interpretation of the comprehension efficiency scores and incorrect response scores. For this pilot study, we present some preliminary descriptive, reliability, and construct validity data on the number correct scores (causally coherent inferences), the incorrect response scores (paraphrases, lateral connects, local bridging inferences), and the comprehension efficiency scores to establish that it is feasible to develop scores based on incorrect responses that are reliable, that MOCCA displays construct (both convergent and discriminant) validity, and that scores based on incorrect responses and comprehension efficiency may be sensitive to instructional/developmental effects across grades.
The Current Study
We report results from a large pilot administration of the new computerized MOCCA. One goal was to assess whether it is possible to obtain reliable scores based on incorrect item responses using either simple total scores or scores based on IRT. A second goal was to assess whether comprehension efficiency scores and scores based on incorrect responses are sensitive to instructional and developmental effects across grades. The third goal was to begin examining convergent and discriminant validity.
Method

Participants
A convenience sample of 920 students in Grades 3 to 5, recruited through emails and personal contacts, took MOCCA online during spring 2015: 341 third-, 327 fourth-, and 252 fifth graders. In all, 48% were male and 52% female. Our sample was predominantly White, but two districts had approximately 20% Hispanic students. Other minority groups were underrepresented relative to their numbers nationally. All of the districts had 48% or more of their students eligible for free or reduced lunch (economically disadvantaged). Although MOCCA is a tool for addressing poor comprehension, the sample was not limited to poor comprehenders.
Instrument
MOCCA was informed by prior think-aloud research (McMaster et al., 2012; Rapp et al., 2007) and traditional curriculum-based measurement research (e.g., Deno, 1985) . It is a multiple-choice, online assessment designed to identify comprehension processes used during reading narrative texts (Carlson et al., 2014) . Items are narrative texts with a causal structure centered on a main goal and motivated subgoals and events (e.g., Trabasso & van den Broek, 1985) . Instead of deleting every nth word as in traditional cloze or maze tasks, the sixth sentence of each seven-sentence text was deleted.
Within a grade, stories are assigned to forms so that the average story reading level and number of words is as nearly equal as possible. Within the reading level and number of words constraint, stories were randomly assigned to forms within a grade. All stories have exactly seven sentences with one missing (i.e., the sixth sentence). For each grade, story reading levels range from one level below grade to one level above grade. For instance, Grade 3 forms contain stories with reading levels from Grades 2 to 4 with a mean of 3.0 on the Flesch-Kincaid scale (Kincaid et al., 1975) .
Participants are instructed to choose one of four alternative response types to fill in the deleted sentence. As described in more detail in the literature review, in addition to the correct answer (i.e., a causally coherent inference), two of the three remaining response types are informative distractors: a paraphrase and a lateral connection. The final response type, a local bridging inference, does not correspond to a response type that has differentiated comprehenders in think-aloud research.
The original paper-pencil MOCCA was a single form for Grades 3 to 5 students (Carlson et al., 2014) , but for the current pilot we developed 12 computer-administered forms with four at each grade level. Each form had a forward and a backward order, and response types were randomized per item. Participants were randomly assigned to a form at their grade level. Multiple forms facilitate progress monitoring without administering the same form more than once to a student. As with the original MOCCA, each pilot form included 40 items.
MOCCA yields four scores, each representing the number of times the reader selects a response type. In other words, for each response type (causally coherent inference, paraphrase, lateral connection, and local bridging inference) a point is tallied when that response type is chosen. The causally coherent inference is the correct answer, but for identifying patterns in the types of incorrect choices students make, each of the other response types also gets scored.
Procedure
MOCCA was administered on a newly designed online platform. Participants with parental consent took MOCCA as a whole group-either in their school computer lab or in their classrooms on computers or tablets. Each administration was proctored by trained project staff or the classroom teacher, and administration was standardized via the online program. Before beginning the test, students read and/or listened to written instructions on the computer. Students could choose to have the instructions read orally by clicking an option on the screen. The instructions included sample items and illustrated how to complete items and navigate through the program. Students were told that they were going to read several short stories, that each story had a missing sentence, and that their job was to pick one out of four sentences below each story that best completed the story. They could click on each of the response types to see the sentences within the context of the story. Once they were happy with their choice, they clicked a "NEXT" button to move to the next item. Participants were able to skip items and were allowed to take a break by pausing the program. The test itself imposes no time limit, but teachers could limit the amount of time to approximately one period (i.e., 30-60 min) with most allowing approximately 45 min.
Results
The mean testing time varied by form from 28.43 to 33.96 min across grades. In Grades 3 to 5, students answered an average of 32.43, 35.31, and 33.68 items respectively of the 40 possible. Table 1 shows the mean of the four response type scores by form. The means for the four response types do not add to 40, the number of items on the test, because students could skip items. Especially for Grade 3, the test is fairly difficult. For instance, for Form 3.1, the mean is 21.27 for the Causally Coherent Inference score, indicating that, on average, students correctly answered 53% of the items. For Forms 3.2 to 3.4, students correctly answered slightly less than 50% of the items. If one is to glean diagnostic information from mistakes that students make, students must make some mistakes. Consequently, diagnostic tests based on incorrect answer patterns may need to be somewhat harder than most existing achievement tests.
Grade Trends
To explore the difficulty of each response type across forms and grades, we tested for mean differences using an alpha of .05. Four univariate analyses of variance (ANOVAs) were performed, one for each score with grade and form nested within grade as the independent variables. The grade effect was significant: F(2, 908) = 30.03, 19.98, 7.12, and 14.14, respectively, for the causally coherent inference, paraphrase, lateral connection, and local bridging inference scores. Despite the fact that passage-reading level increased with grade, the causally coherent inference scores generally increased with grade. Correspondingly, the paraphrase, lateral connection, and local bridging inference scores all generally decreased. While the results are cross-sectional, they suggest that MOCCA scores, including the incorrect response type scores, may be sensitive to developmental age effects, instructional grade effects, or both.
Despite randomly assigning items to forms within grades, the form effect within grade was also significant for every score: F(9, 908) = 3.12, 2.19, 4.46, and 2.16, respectively, for the causally coherent inference, paraphrase, lateral connection, and local bridging inference scores. For instance, the causally coherent response, Form 1 in Grade 3 had a mean more than three points higher than any other form within that grade. Table 2 shows the internal consistency reliability, alpha, for each form and score. As not-reached items at the end of the test can inflate alpha, it was computed using only students with complete item responses and yielding sample sizes of 55 to 95 per form. The causally coherent inference score, the correct score, has excellent reliabilities for all forms.
Reliability
For this score, all reliabilities are above .90, an excellent reliability coefficient in the measurement community (Thorndike & Thorndike-Christ, 2010) . While not as high as the causally coherent inference reliabilities, the paraphrase score reliabilities were all above .70, ranging from .71 to .89. For the lateral connect and local bridging inference scores, the reliabilities range from .49 to .81 and .67 to .83, respectively. Some of these are below our target of .70, the minimum level for a "good" reliability (Thorndike & Thorndike-Christ, 2010) . For the lateral connect score, seven of the 12 are below our target value. In the next iteration of test development, we hope to bring the reliability of every score for every form above .70. Results suggest that incorrect response scores can be reliable in distractor-driven assessments.
Item Response Theory Reliability
Rasch and two-parameter logistic (2PL) models were fitted to the pilot response types, fitting the model separately to each response type. While the multiple-choice format would suggest a three-parameter model, given our sample size averaging about 75 people per form, it may not be possible to accurately estimate a guessing parameter for each item. In the IRT analyses, missing responses were treated as missing, not incorrect. The marginal reliabilities by form and grade for the Rasch model and 2PL model (2PL in parentheses) are shown in Table 3 . The marginal reliability is an internal consistency estimate of IRT true score variance over IRT observed score variance. It can also be considered an estimate of the correlation between IRT scores on the test and a parallel form of itself. There are two notable features in this table. First, for the correct answers, the causally coherent inference responses, there is little difference in the marginal reliability for the Rasch and 2PL models. However, there are some large differences in the Rasch and 2PL marginal reliabilities for the paraphrase, lateral connection, and local bridging inference responses. The marginal reliabilities are generally as high or higher for the 2PL model as compared with the Rasch. While we have not shown the item discrimination parameters here, within each incorrect response type, the discrimination parameters vary widely across items and seem to seriously violate the Rasch assumption of equal discrimination parameters leading to the result that the 2PL model often has a higher marginal reliability for the incorrect response types. Second, for the causally coherent inference responses, the marginal reliabilities are almost all above .90 for both the Rasch and 2PL model, and all are above .85. For the incorrect response types, the reliabilities are more consistently above our target reliability of .70 for the 2PL than for the Rasch. With the exception of Forms 3.1 and 3.4, all of the 2PL marginal reliabilities are above .70. Table 4 shows the Akaike Information Criterion (AIC) fit statistics for the Rasch and the 2PL models. AIC measures a trade-off between two quantities, the fit of the model to the data as reflected in the deviance statistic (−2 log likelihood), and the number of estimated parameters. Or in other words, these statistics reflect the trade-off between model fit and parsimony. In comparing two models, the model with the smaller AIC is preferred. If the model with more parameters, the 2PL model in our case, has a smaller AIC than does the model with fewer parameters, the Rasch model in our case, then it means the 2PL improvement in fit is large relative to the number of extra parameters in the 2PL model and the 2PL model is preferred for its improved fit. Conversely, if the AIC is smaller for the Rasch, the 2PL improvement in fit is small relative to the number of extra parameters, and the more parsimonious Rasch model is preferred. While the results vary over the grades and forms, the AIC tends to be somewhat smaller for the Rasch than for the 2PL model. 
Comprehension Rate
The last column of Table 1 shows the mean and standard deviation of the Comprehension Rate for each form. Comprehension Rate is defined as the number of minutes spent on MOCCA divided by the number of correct responses. It reflects the average amount of time required to arrive at a correct response; thus, lower times are better. Students may be slow for one of two reasons. They may expend a great deal of time on each item, or they may work rapidly on each item but typically answer one or more items incorrectly before answering one correctly.
To explore grade and form differences in Comprehension Rate, an ANOVA was run with Comprehension Rate as the dependent variable and with grade and form nested within grade as the independent variables. Within grades, Comprehension Rate did not vary significantly across forms, F(9, 908) = 0.71, p = .709. The grade effect was significant, F(2, 908) = 16.40, p < .001. As shown in Table 1 , the average Comprehension Rate tends to decline from Grades 3 to 5 as one would expect if reading comprehension becomes more automatic as students move up the grades. Results suggest that rate may be sensitive to developmental age or instructional grade effects. Table 5 shows the correlation of the MOCCA total correct score with other reading and math tests in seven subsamples. For any grade/test combination, the correlation of MOCCA with the reading test was estimated in the same sample as the correlation of MOCCA with the corresponding math test. Because the subsample sizes within a form were small, correlations were computed aggregating across forms within a grade, so unlike other results above, form differences may have affected these results. Two trends are notable. First, all of the correlations with the criterion reading assessments (Easy curriculum-based measure [CBM] Common Core State Standards [CCSS] comprehension, Oregon Assessment of Knowledge and Skills [OAKS] reading, California state English language arts [ELA] , and Star) are significant (p < .01), ranging from .549 to .679. These results provide evidence for the convergent validity of MOCCA. Second, for any pair of reading/math tests within a grade, the correlation of MOCCA with the reading test is higher than the correlation with the corresponding 
Construct Validity: Convergent and Discriminant
Discussion
The purpose of this pilot study was to investigate the reliability and validity of a diagnostic measure of reading comprehension in pursuit of providing the field with instructionally relevant information regarding types of poor comprehenders with a test that is feasible for classroom administration. The internal consistency for each response type was assessed. In addition, IRT models were explored. Comprehension rate was examined as a further source of information about comprehension. Finally, data were reported on convergent and discriminant validity of the overall comprehension (number correct) scores. In our analyses, we have taken steps to prevent differences in form means from distorting the results. For instance, in the ANOVA results, we adjusted for form mean differences by including form within grade as a blocking factor. Other analyses (e.g., reliability estimate) were run separately by form. MOCCA is based on just three types of errors. We are not suggesting that these are the only three types. In practice, a test of limited length could provide reliable scores for only a limited number of error types. Given this limitation, we have chosen to focus on types of errors that have received support from the cognitive research on think alouds and that can potentially occur in most inferential comprehension tasks. Realistically, the applied reliability issue is not so much whether one should focus on a small number of error types, but rather how to select the most important ones. Prior concept inventories (aka distractor-driven assessments; e.g., Delmas et al., 2007; Hermann-Abell & DeBoear, 2011; Hestenes et al., 1992; Sadler, 1998) have covered a much larger number of error types with the result that they cannot yield reliable scores for all of them and may not yield reliable scores for any of them. Rather than providing only a reliable overall score or only a reliable overall score plus error scores of unknown, but probably low, reliability, MOCCA provides a reliable overall score and reliable scores regarding a limited number of error types. In the next edition, we plan to revise the assessment further, thinking of ways we can most efficiently identify comprehension errors.
An assumption of MOCCA is that some students have stable error preferences across items. However, error choices vary within students as a function of text and task characteristics. Such within-person variation may preclude the possibility that a student chooses the same type of incorrect response every time they make a mistake, but it does not preclude a probabilistic consistency in which the probability of choosing one type of response is more likely than others. All test responses, including correct responses, vary within individuals across items as a function of task and text features. Just as this does not preclude reliable differences in correct responses, it need not preclude reliable differences in error responses.
Internal Consistency
The reliability of each MOCCA response type score was calculated as a way to fill the gap in measurement research by assessing the reliability of both correct and incorrect responses of a reading comprehension assessment. Across forms, internal consistency for the correct causal coherent inference responses was excellent, but this finding is not at all surprising or innovative in measurement research. The more interesting finding is that incorrect response tendencies were measured reliably. Across forms, the reliabilities for the incorrect paraphrase response were all above .70, suggesting that this incorrect response type yields internally consistent scores. However, not all reliability coefficients were above .70 for both the lateral connect and local bridging inference responses.
Comprehension Rate
Even though the readability levels of passages increased from Grades 3 to 5, the causally correct inference mean score increased and the mean comprehension rate decreased. That is, across the grades, students became more accurate and more efficient as one would expect if comprehension is becoming both more accurate and more automatic as students move up the grades. When students apply reading to learn new content, automaticity in comprehension processes allows them to devote most of their attention to content, rather than reading process (Chall & Jacobs, 2003) . Given that these data are cross-sectional, it is difficult to explain the comprehension rate grade effects causally in that they can be attributed to maturation, practice, education, or simply a cohort effect. However, these results suggest that the assessment may be sensitive to two key aspects of automaticity in comprehension: accuracy and rate.
The current findings are consistent with what others exploring rate of reading comprehension have found (Hale et al., 2011; Neddenriep et al., 2007; Skinner et al., 2002) . That is, a developmental trend of greater efficiency at higher grade levels has been observed over multiple reading comprehension measures where rate was examined. The consistency across studies and measures, along with the higher correlations for comprehension rate with criterion reading comprehension measures found in other research (Hale et al., 2011; McCane et al., 2014; Neddenriep et al., 2007; Skinner et al., 2002) suggests that comprehension rate might yield important information about efficiency in the reading comprehension process.
Implications for Future Research and Test Revision
Within a grade, the forms varied in their causally correct inference mean scores, indicating that forms vary in difficulty within grade. By rearranging items across forms so that some easier items are moved to currently harder forms and some harder items are moved to easier forms, the planned revisions will make the forms more nearly equal in difficulty. Last, statistical equating will be used to adjust for any remaining differences in difficulty. In future research with larger sample sizes for parameter estimation, we will be able to use item response theory-based equating to adjust for whatever form differences remain after reassigning items to forms.
With a combination of item and response type revisions, we hope to bring all internal consistency reliability coefficients to .70 or higher for all response type categories for our first national field test. To accomplish this, we first plan to clarify the definitions of response types so that the different types are more clearly distinguishable with the result that some students will choose (or not choose) a type of response more consistently across items because the types are more clearly recognizable. Second, we plan to drop the local bridging response so that there will be three response types per item. It has proven difficult to write local bridging responses that are clearly distinguishable from both the paraphrase and lateral connect types. In addition, the local bridging inference response type did not provide any diagnostic information between comprehender types in think alouds. Whereas, we originally favored four responses to reduce guessing effects, Rodriguez's (2005) meta-analysis concludes that over 80 years of research has consistently supported the use of three options. Finally, we propose to eliminate the "SKIP" button for items, forcing students to choose an option before proceeding to the next item, so that every item a student reaches but does not answer correctly will provide information about the type of error favored by the student.
Implications for Instruction
Our reporting of comprehension rate raises the question of whether students should be encouraged to read faster. We do not think it wise to encourage speed reading as such, but rather education should be designed to develop reading automaticity which would result in an appropriately fast speed. By an appropriately fast speed, we mean an efficient rate of accurate comprehension. Students should first be encouraged to develop accurate comprehension, and in this phase of learning, some students may need to slow down to improve their comprehension. However, after a sufficient level of accuracy has been achieved, the goal would be automaticity as evidenced by efficient accuracy. The automaticity literature emphasizes guided practice as the primary means of achieving automaticity once comprehension has been attained (LaBerge & Samuels, 1974; Logan, 1997; Samuels, Ediger, Willcutt, & Palumbo, 2008; Samuels & Flor, 1997) . Even at the stage of developing automaticity, it needs to be recognized that faster is not always better because, for every reading task, there is a minimum time below which even the best readers cannot go without sacrificing comprehension.
One challenge for the future is to develop interpretive materials to assist teachers in understanding the test results so they can use the test to identify poor comprehenders for additional instruction and differentiate types of poor comprehenders for the purposes of differentiating the additional instruction, possibly along the lines suggested by McMaster et al. (2012) . We plan to have an analog to a "passing" score on the number correct score or the IRT dimension that corresponds to it. For those who do not reach the passing score, diagnostic information will be provided. Of those who do not reach the passing score, some may be classified as slow, meaning that the rate at which they produce correct responses is not sufficient to reach the passing score in a fairly typical 45-min testing session, the recommended testing time. Those who do not reach the passing score will also receive feedback about their predominant type of incorrect response (paraphrase or lateral connection) if there is one. Students who either do not make many errors or do not demonstrate a consistent preference for paraphrase or lateral connection responses (i.e., show relatively even proportions of choosing each response type) will be reported as indeterminate in their reading comprehension processing. The incremental validity and diagnostic utility of the incorrect response scores, over and above the causally correct score, will be of particular interest in future research. At this early stage in the research, however, we do not know how much incorrect scores can improve instructional decisions or add to our understanding of how students perform in class over and above the information provided by a single number correct score.
The utility of comprehension rate information for instruction is ambiguous. Given the side effects of a strong focus on oral reading fluency (Samuels, 2007) , additional work is needed to determine whether an instructional focus on rate is of practical utility. It is an open question as to whether comprehension fluency can be improved simply with guided reading practice or whether something more is required.
Using think-aloud responses to classify poor comprehenders, McMaster et al. (2012) found that in whole class instruction paraphrasers benefited more from a general questioning strategy whereas lateral connectors (labeled "elaborators" in their study) benefited more from a causal questioning strategy. Results suggest that MOCCA may be useful in differentiating instruction. In more recent research, however, McMaster and colleagues failed to replicate these results in small group, individualized instruction (McMaster, Espin, & van den Broek, 2014) . These findings lead to further questions as to whether or not differentiating questioning strategies for different types of struggling comprehenders is equally effective in groups of different sizes.
Conclusion
We presented evidence supporting the convergent and discriminant validity of MOCCA, results that begin to address the construct validity of MOCCA. Results provide crosssectional evidence for grade trends that may indicate sensitivity to instruction, but instructional validity has yet to be investigated. Results also show that reliable incorrect response scores are possible, but not assured. As with most inventories with diagnostic subscores, the utility of the error propensity and comprehension rate in differentiating instruction needs further research.
